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ABSTRACT 

A Suzuki reaction involves the cross-coupling of an organo- boron reagent with an organohalide, catalyzed by palladium.[1] 

Suzuki cross coupling reaction is very famous reaction in the field of chemistry. It is a very effective method for making carbon – 
carbon bonds. It has been extensively utilized in the synthesis of many carbon molecules including the most complex ones. It also 

find application in the synthesis of compounds of like Boscalid, OTBN, Crizotinib, Ruxolitinib, Vemurafenib, Arbiraterone 

acetate etc which have been synthesized using the same reaction along with some other organic compounds. The present review 

article emphasis on carbon-carbon bond formation via cross coupling reaction, mechanism, experimental procedure, applications 

in a pharmaceutical industries and advantages of Suzuki reaction. 

 

INTRODUCTION 

The coupling of organoboron compounds with aryl and alkenyl halides or triflates is called the Suzuki reaction or Suzuki–Miyaura 

coupling and was discovered in the early 1980s [2-5]. It is an extremely versatile methodology for combining two carbon segments 

and is widely employed in the commercial manufacture of pharmaceuticals, in the synthesis of many organic compounds and in 

drug discovery. The versatility of the reaction originates from the mild reaction conditions and accessibility of the reagents. 

Moreover, it is not influenced by the presence of water, is highly tolerant to a wide variety of functional groups and proceeds 
regio- and stereoselectively. Non-toxicity and easy removal of the inorganic by product makes the reaction attractive for 

laboratories and industrial processes [6]. 

MECHANISM 

Suzuki coupling reaction mechanism involves the oxidative addition, transmetallation and reductive elimination steps (Figure 1 or 
reactions 1-3). 
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Figure-1 

 

(a) Oxidative Addition:  

This step is often the rate-determining step 
[7]. The order of relative reactivity is: 

I>OTf> Br >>Cl 

Alkenyl, alkynyl, allyl, benzyl and aryl bromides or iodides undergo oxidative addition yielding an organopalladium intermediate; 

trans-σ-palladium (II) complex.As you can see in the diagram the oxidative addition step breaks the carbon-halogen bond where 
the palladium is now bound to both the halogen and the R group. 

Oxidative addition occurs with retention of configuration for alkenyl halides and with inversion for allylic and benzyl 

halides[8].The oxidative addition initially forms the cis–palladium complex, which rapidly isomerizes to the trans-complex. [10]The 

Suzuki Coupling occurs with retention of configuration on the double bonds for both the organoboron reagent and the halide. [11] 
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(Aryl and alkenyl halides bearing electron withdrawing groups are more reactive than those with electron donating groups. Alkyl 

halides carrying β-hydrogen are not very useful since the oxidative addition is very slow and furthermore it is the possibility of 

competing with β-hydride elimination from the σ-organo palladium (II) species.) 
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Figure-2 

However, the configuration of that double bond, cis or trans is determined by the cis-to-trans isomerization of the palladium 

complex in the oxidative addition step where the trans palladium complex is the predominant form.When the organoboron is 

attached to a double bond and it is coupled to an alkenyl halide the product is a diene. 

(b) Transmetallation 

In transmetallation ligands transferred from one species to another.In case of Suzuki reaction ligands transferred from 

organoboron species to palladium(II) complex. 

As the second step, the organopalladium intermediate undergoes transmetallation with the boronic acids or esters. This is the key 
step. Transmetallation may occur under neutral or basic conditions. The processes that are considered to be involved are illustrated 

by reactions 4-6. 
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Fig-4 to 6 

In Suzuki coupling of organic halides and triflates with organoboron compounds, a base must be present for transmetallation to 

proceed, otherwise it doesn’t occur readily due to the low nucleophilicity of the organic group on boron atom.The nucleophilicity 

can be improved by quarternization of the boron with negatively charged bases yielding the corresponding “ate” complexes. This 

increases nucleophilicity of aryl group and promote transmetallation[9].The most commonly utilized bases are alkoxides, 
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carbonates and hydroxides.The bases can be employed as aqueous solution or as suspension in dioxane, monoglym or N, N-

dimethylformamide (DMF).Transmetallation to palladium (II) halides is accelerated by quarternization of trialkylboranes.Even no 

direct evidence is present for the effect of boronate ions, such as RB(OH)3, on transmetallation, a similar effect of base for the 

transmetallation of organic boronic acids is reasonable to be considered.The reaction of aryl boronic acids with aryl halides at 

pH=7-8.5 is relatively retarded when compared to the reaction at pH=9.5-11.The pKAof phenyl boronic acid is 8.8, thus 

suggesting the formation of the hydroxyboronate anion [RB(OH)4]- at pH>pKAand itstransmetallation to palladium (II) halides.In 
contrast, the cross-coupling reaction with certain electrophiles, such as allylic acetates, 1,3-butadiene monoxide and propargyl 

carbonates occurs under neutral conditions without any assistance of base. An alternative transmetallation process is that 

organoboran compounds readily transfer their organic groups to (alkoxo)-palladium (II) complexes under neutral conditions 

(reaction 5). Allylicphenoxides andcinnamyl acetate react with 1- alkenyl borates under neutral conditions [10]. The (π-

allylphenoxo)- and (π-allylacetoxo)palladium (II) intermediates generated from oxidative addition may undergo transmetallation 

without bases. Eventually, it can be noted that in the palladium/base-induced cross-couplingreaction (reaction 6),the involvement 

of (alkoxo)palladium intermediate 3ispossible. The halogen ligand on organopalladium (II) is replaced by alkoxy, hydroxyl or 

acetoxy anion yielding the reactive Pd-OR complexes 3 as reaction intermediates.It is not so apparent in many reactions which 

process shown in reaction 4 or 6 is more dominant,but the formation of alkoxo-, hydroxo-, or acetatopalladium (II) intermediates 

should be considered as one of the crucial transmetallation processes in the base/palladium-induced cross-couplings. The accepted 

mechanism of the Suzuki cross-coupling reaction under aqueous basic conditions is presented in Figure 7
[5]
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Figure-7 

Aromatic, heteroaromatic, alkenyl and alkyl boronic acids or esters can be coupledeffectively. The reaction is highly tolerant to 

functional groups. 

(c)  Reductive Elimination 

The last step of Suzuki-coupling is the reductive elimination at which C-C bond formation takes place producing the product and 

regenerating the Pd (0) catalyst. Reductive elimination is essentially the microscopic reverse of oxidative addition. Elimination 

from Pd is often induced by electron accepting ligands. Reductive elimination of aryl halides has recently been induced by 

addition of the strongly electron donating P(t-Bu)3 ligand to Pd(II)aryl halide complexes[11]. The order of reductive elimination 
usually follows the aryl-aryl>alkyl-aryl>n-propyl-n-propyl> ethyl-ethyl>methyl-methyl[13]. Evidences shows that cis-diarylPd(II) 

complexes directly eliminate biphenyl from four coordinate complexes by nondissociative-nonassociative mechanism. 
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Figure-8 

Using deuterium labelling, Ridway et al. have shown the reductive elimination proceeds with retention of stereochemistry[14]. 

CATALYST AND LIGANDS  

The most commonly system is used for this reaction is Pd (PPh3)4 (tetrakisPd(0)).
 

Other palladium catalysts and ligands are also used as follows: 

Pd2(dba)3 + PPh3 

Pd(OAc)2 + PPh3 

PdCl2(dppf) (for sp3-sp2 couplings-see section on B-alkyl Suzuki reaction) 

     “Ligand-free" conditions, using Pd(OAc)2, have also been developed. Side reactions oftenassociated with the use of phosphine 

ligands (phosphonium salt formation and aryl-aryl exchangebetween substrate and phosphine) are thus avoided.[15] 

SOLVENT 

The Suzuki reaction is unique among metal-catalyzed cross-coupling reactions in that it can be run in biphasic (organic/aqueous) 

or aqueous environments in addition to organic solvents.[16]
 

EXPERIMENTAL PROCEDURE OF SUZUKI COUPLING 

1.  Charge your reaction flask with your aryl bromide and your aryl boronate, then add your solvent (THF, dioxane, DMF and 

toluene are often used) and degas the reaction mixture either by freeze-pump-thaw cycling or simply by bubbling with an inert 

gas such as nitrogen or argon for 30 minutes. 

2.  Now add your palladium catalyst (Pd(PPh3)4 and PdCl2(PPh3)2 are often used) and then a degassed aqueous solution of 

your base (K3PO4, Na2CO3, K2CO3, Et4NOH are often used). Keep the reaction mixture under an inert atmosphere such as 

nitrogen or argon. 

3.  Your Suzuki reaction is now ready to take off. All you need to do is to heat it up to gentle reflux with good stirring to make 

sure that the biphasic reaction mixture is properly mixed. Your reaction will typically be completed after refluxing over night. 

4.  Work-up typically consists of an aqueous wash followed by column chromatography and recrystallisationto afford your 
desired product. 

APPLICATION OF SUZUKI CROSS COUPLING REACTION IN PHARMACEUTICAL INDUSTRIES 

Dawson et al. have reported a stereospecific synthesis of theanti-HIV compounds michellamine A and C via the SMcross-

coupling reaction.[17]In similar way, in 1999, deKoning and co-workers synthesised an isochroman analogue296 of michellamines 
by using the Pd(PPh3)4-catalysed SM cross-coupling reaction of 5-iodo-6,8-dimethoxy-1,3-trans-dimethylisochroman 293 with 

theappropriate naphthaleneboronic acid 294 to give 295followed by further transformations (Scheme 132a).[18] 
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There are other industrial processes using useful C-C bond formation reaction, the Suzuki coupling, are reported. 

BOSCALID  

Boscalid is a important fungicide belonging to the class of succinatedehydrogenase inhibitors, which protects fruit and vegetable 
crops from ascomycete (kingdom fungi).It is produced by BASFand has been on the market since 2003.In 2009 the cur- rent total 

production volume was more than 1000 tons/year
[19]

. 2-amino-4’-chlorobiphenyl is the key raw material the syn- thesis is shown 

in scheme[20][21]. 
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                                                             BOSCALID 

Otbn  

Hoechst developed first commercial scale Suzuki coupling process used for 2-cyano-4’-methylbiphenyl (o-tolylbenzo- nitrile) via 

cross coupling reaction of p-tolylboronic acid and 2-chlorobenzonitrile at 120 OC. Pd(OAc)2 is used as catalyst. 
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Crizotinib 

Crizotinib, an anticancer drug acting as an ALK (anaplastic lymphoma kinase)and ROS1 (c-ros oncogene1) inhibitor, [22][22][24] 

marketed by Pfizer, is also obtained by Suzuki coupling step. Here (1,1’-bis(diphenylphosphino)ferrocene)-palladium(II) chloride 

is used as a catalyst to get optimum yield. 



Volume-1, Issue-1, January-2016                                                                        RESEARCH REVIEW International Journal of Multidisciplinary 

© RRIJM 2015, All Rights Reserved                                                                                                                                                                                 19 | P a g e  

CH3

O

N

N

N

NHCl

Cl

F

NH2 suzuki 
coupling

 

CRIZOTINIB 

Ruxolitinib 

Ruxolitinib by Incyte pharmaceuticals and novartis is a drug for treatment of high risk myelofibrosis, a type of 

myeloproliferactive disorder that affects the bone marrow [25][26] it also being investigated for the treatment of other types of cancer 

such as lymphomas and pancreatic cancer[27], for polycythemiavera[27], for plaque psoriasis, and for alopecia areata[28]. 

Suzuki coupling is use for the synthesis of this compound. 
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RUXOLITINIB 

Vemurafenib 

Vemurafenib is B-Raf enzyme inhibitor developed by Plexxikon (now part of Daiichi-Sankyo) and Genentech for treatment of late 

stage melanoma [29]. Here Suzuki coupling is used for synthesis and dichlorobis(triphenylphosphine)palladium(II) is used as 

catalyst. The structure is shown below. 
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Arbiratetrone Acetate 

Arbiraterone acetate is an anti cancer drug Suzuki coupling is used for synthesis of these compound. The structure is as follows; 
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ADVANTAGES OF SUZUKI COUPLING REACTION 

There are so many advantages of Suzuki coupling reaction; 

I. Mild reaction condition.[30][31] 

II. The reactions are easily available and the reaction proceeds in the presence of wide variety of functional groups. 

III. Several organometallic reagents are used for analogous cross-coupling reactions but organoboron compounds are 

interesting reagents because they are thermally stable, inert to water and oxygen and thus easy to handle. 

IV. Inorganic by-products are non-toxic which makes the coupling reactionsuitable also for industrial processes. 

CONCLUSION 

Suzuki coupling reaction is a method for carbon–carbon bond formation which is very useful method for the development of   

modern drug discovery and in the synthesis of many  organic compounds like natural products, intermediates and pharmaceutical 

compounds. Despite the massive use of palladium based cross coupling in the manufacturing of  bulk chemicals for  many years, 

the development for pharmaceuticals, fragrances or agrochemicals production is still in its adolescence. There is still much work 

to do on the development towards an efficient catalyst applicable for structurally different substrates. There is a need to develop 

more effective catalyst for the reaction so as to enhance the efficacy and efficiency of the reaction. This article clearly shows the 

great potential of this reaction in synthesis field. Moreover, reaction mechanism’s explanation  and condition  will helpful to 
chemists who are facing synthetic problems.Also there is an urge to focus on the application of the reaction towards the large scale 

production so that the some valuable products which are pharmacologically important and whose occurrence is limited can be 

synthesized using this reaction. 
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